Relative resistance to African trypanosomiasis is based on the development of a type I cytokine response, which is partially dependent on innate immune responses generated through MyD88 and Toll-like receptor 9 (TLR9). Therefore, we asked whether enhancement of the immune response by artificial stimulation with CpG oligodeoxynucleotide (ODN), a TLR9 agonist, would result in enhanced protection against trypanosomes. In susceptible BALB/c mice, relative resistance to infection was significantly enhanced by CpG ODN treatment and was associated with decreased parasite burden, increased cytokine production, and elevated parasitespecific B-and T-cell responses. In relatively resistant C57BL/6 mice, survival was not enhanced but early parasitemia levels were reduced 100-fold and the majority of the parasites were nondividing, short stumpy (SS) forms. CpG ODN treatment of lymphocyte-deficient C57BL/6-scid and BALB/cByJ-scid mice also enhanced survival and reduced parasitemia, indicating that innate resistance to trypanosome infection can be enhanced. In C57BL/6-scid and BALB/cByJ-scid mice, the parasites were also predominantly SS forms during the outgrowth of parasitemia. However, the effect of CpG ODN treatment on parasite morphology was not as marked in gamma interferon (IFN-␥)-knockout mice, suggesting that downstream effects of IFN-␥ production may play a discrete role in parasite cell differentiation. Overall, these studies provide the first evidence that enhancement of resistance to African trypanosomes can be induced in susceptible animals in a TLR9-dependent manner and that CpG ODN treatment may influence the developmental life cycle of the parasites.
The innate immune system plays an integral role in generating and directing an immune response to infectious microbes. Pattern recognition receptors are molecules involved in the detection of conserved microbial molecules termed pathogen-associated molecular patterns. One class of pattern recognition receptor is the Toll-like receptors (TLRs), which recognize a variety of pathogen-associated molecular patterns, including lipopolysaccharide, CpG DNA, and flagellin. The microbial molecules recognized early during infection ultimately shape the subsequent adaptive immune responses, a phenomenon which highlights the importance of innate recognition during infection (16, 17, 31) .
In experimental African trypanosomiasis, inbred strains of mice differ in their level of relative resistance to infection. C57BL/6 and C57BL/10 strains display the highest degree of relative resistance, while BALB/c and C3H mice exhibit intermediate and susceptible phenotypes, respectively (24) . The differences in resistance among inbred strains are not linked to major histocompatibility complex class II haplotype or parasite-specific antibody responses (4, 25) but are linked to type I cytokine responses, specifically gamma interferon (IFN-␥) (13, 29, 35, 36) . The production of IFN-␥ is partially dependent on MyD88 and TLR9, a pattern recognition molecule that recognizes CpG motifs in microbial DNA and synthetic CpG oligodeoxynucleotide (ODN) (7) .
CpG ODN, when used as an adjuvant, has provided protection against several microbial infections, including those by several intracellular bacteria and the protozoan parasites Leishmania major and Plasmodium yoelii (8-10, 18, 20, 22, 42) . CpG ODN-mediated protection from microbial challenge is commonly associated with a strong polarized Th1-cell response, including increased production of IFN-␥ and Th1-associated antibody isotypes (immunoglobulin G2a [IgG2a], IgG2b, and IgG3) and a reduction in IgG1 production (6, 10, 15, 18, 19, 21, 22, 27, 32, 40) . Previous studies have demonstrated that various adjuvants, including trehalose dimycolate and muramyl dipeptide, Propionibacterium acnes, Mycobacterium bovis BCG, and Bordetella pertussis increased resistance to trypanosome infection (1, 2, 34) . Enhanced resistance was associated with an early reduction in parasitemia and a decrease in the proportion of dividing parasites. The prevailing hypothesis was that activated macrophages were capable of producing factors that limited the early outgrowth of parasites. More recent studies suggest that IFN-␥-mediated activation of macrophages may be centrally important in these effects (13) . A number of factors produced by macrophages, including nitric oxide, reactive oxygen species, and tumor necrosis factor alpha, have all been shown to kill trypanosomes in vitro (14, 28) . In this study, we have used the TLR9 agonist CpG ODN as a tool to boost the innate immune response of infected animals. We show that CpG ODN treatment significantly enhances resistance to Trypanosoma brucei rhodesiense in susceptible mouse strains. The increase in resistance is associated with decreased parasite levels, an increase in nondividing SS forms, increased Th1 cytokine production, higher parasite-specific antibody levels, and elevated T-cell cytokine production in response to parasite antigen. Although survival is not enhanced in resistant mice by CpG ODN treatment, parasite levels are reduced 100-fold during the first wave of parasitemia and the parasites are also predominantly SS forms in these animals. Further investigation revealed that reductions in parasitemia and induction of parasite differentiation also occurred in SCID mice. In the absence of IFN-␥, however, resistance, parasitemia levels, and parasite differentiation were not affected to the same degree as in wild-type mice. Thus, the downstream effects of IFN-␥ production may play a central role in both CpG ODN-induced enhancement of host resistance to trypanosomes and effects on the parasite developmental life cycle.
MATERIALS AND METHODS
Infections and CpG ODN treatment. Frozen stabilates of the T. brucei rhodesiense clone LouTat 1 were expanded in cyclophosphamide (300 mg/kg of body weight; Sigma-Aldrich, St. Louis, MO)-immunosuppressed Swiss Webster mice (Jackson Laboratory, Bar Harbor, ME). For infections, age-and sex-matched C57BL/6, C57BL/6-scid, BALB/cJ, BALB/cByJ, BALB/cByJ-scid, C57BL/6 IFN-␥-knockout (GKO), and BALB/c GKO mice (Jackson Laboratory) were injected with 1 ϫ 10 5 trypanosomes intraperitoneally (i.p.). CpG ODN-treated animals were injected i.p. with 50 g CpG ODN 1826 (Coley Pharmaceuticals, Ottawa, Canada) in 300 l phosphate-buffered saline (PBS) 1 day prior to and at the time of infection. As controls, mice received non-CpG-containing ODN 2138 (Coley Pharmaceuticals) or PBS alone. All mice were housed in university-approved facilities and were handled strictly according to National Institutes of Health and University of Wisconsin-Madison Research Animal Resource Center guidelines.
Assessment of parasitemia and parasite morphology. To monitor parasitemia, tail blood was diluted in PBS with glucose with heparin (1ϫ PBS, 10 U/ml heparin, 1% glucose) and parasites were counted using a hemacytometer. For morphological classification of parasites, blood smears were hematoxylin and eosin stained and examined by light microscopy. Parasite morphology was assigned according to the parameters described by Wijers (41) . Trypanosomes were classified as either long slender (LS) (30) , intermediate (I), or SS. Briefly, LS parasites have elongated nuclei and "bodies" and a long free flagellum, while SS parasites have thicker, shorter "bodies," oval nuclei, and no free flagellum. Parasites categorized as I had characteristics that were between the extreme phenotypes of the LS and SS parasites. One hundred parasites were counted per slide. If fewer than 100 parasites were present, the entire slide was counted. Additionally, the stained blood smears were used to analyze the trypanosome cell cycle as an assessment of cell division capabilities. Parasites of each morphological classification were analyzed by enumerating the number of nuclei and kinetoplasts present in each trypanosome (23, 26) . All SS parasites contained one nucleus and one kinetoplast (1N1K), whereas LS parasites were composed of 87% 1N1K, 9% 1N2K, and 4% 2N2K cells. Microscopy was performed using a Zeiss Axioplan IIi at ϫ63 magnification. Images were obtained using a Zeiss AxioCam black-and-white charge-coupled device camera and OpenLabs 4.0 software (Improvision, Inc., Lexington, MA).
Measurement of serum cytokine levels. Mice were infected and treated with CpG ODN as described above. Two days postinfection, the mice were sacrificed and serum was collected. Interleukin-12p70 (IL-12p70) and IFN-␥ levels were determined by enzyme-linked immunosorbent assay (ELISA) (BD Biosciences, San Jose, CA).
Measurement of parasite-specific antibody. Soluble variant surface glycoprotein (VSG) was prepared from trypanosomes as we have previously described (3) . Plasma samples were collected from infected and CpG ODN-treated infected mice (12) . Briefly, tail blood was diluted in PBS-glucose plus heparin. Plasma was obtained by centrifugation (4,000 rpm for 4 min at 4°C). Parasitespecific antibody responses were measured by ELISA, as previously described (36) . Briefly, 96-well plates were coated with 4 g/ml VSG. Optimal dilutions of plasma samples or serum were made, and isotype-specific antibody responses were measured (Zymed, San Francisco, CA).
Measurement of T-cell cytokine production. T-cell cytokine responses to VSG were assessed as previously described (13, 35, 36) . Briefly, whole-spleen-cell cultures were established from CpG ODN-treated and control mice 7 days postinfection. The cultures were incubated in the presence of RPMI 1640 medium alone, 2.5 g/ml concanavalin A (ConA), or 50 g/ml VSG for 24 h at 37°C in 5% CO 2 . Cell-free supernatants were analyzed for IL-2, IL-4, and IFN-␥ levels by cytokine-specific ELISA (BD Biosciences).
Statistics. Statistical analyses were performed with Prism 4 for Macintosh (GraphPad Software, Inc., San Diego, CA). P values less than 0.05 were considered significant. 
RESULTS
Resistance to trypanosome infection is enhanced in CpG ODN-treated susceptible mice. To determine whether administering CpG ODN as a TLR9 agonist increased resistance to trypanosome infection, relatively resistant C57BL/6 and susceptible BALB/c mice were treated and infected. Mice were given 50 g CpG ODN 1826, non-CpG ODN 2138, or PBS i.p. on the day prior to and at the time of infection with 1 ϫ 10 5 LouTat 1 parasites. The survival of CpG ODN-treated BALB/c mice was greatly enhanced with a mean survival time of 54 Ϯ 5 days in comparison to untreated and ODN 2138 (non-CpGcontaining ODN)-treated mice with mean survival times of 29 days (Fig. 1A) . The difference in survival time was significant as assessed by log rank analysis (P ϭ 0.0005). In contrast, the survival of relatively resistant C57BL/6 mice was not extended by CpG ODN treatment (Fig. 1B) . Thus, CpG ODN is an efficacious adjuvant and CpG ODN treatment selectively promotes resistance in a susceptible mouse strain.
Parasitemia levels are dramatically decreased in CpG ODNtreated BALB/c and C57BL/6 mice. The effect of CpG ODN treatment on the control of parasitemia was monitored over the course of infection. Tail blood samples were taken from CpG ODN-treated and infected control C57BL/6 and BALB/c mice. The samples were diluted to enumerate parasitemia with a hemacytometer and also to make blood smears. Blood smears were stained with hematoxylin and eosin, and parasite morphology was observed by light microscopy according to the parameters described by Wijers (41) . In both strains of mice CpG ODN treatment decreased the magnitude of the first wave of parasitemia with a 10-fold reduction in BALB/c mice and a 100-fold decrease in C57BL/6 mice ( Fig. 2A and B) . The degree of reduction of parasitemia was correlated with the number of dividing LS parasites present. Detectable parasites in treated C57BL/6 mice were predominantly nondividing SS parasites (Table 1) in comparison to those of control-treated mice, which were nearly all LS parasites (Fig. 3) . The prevalence of SS forms during the outgrowth of parasites in treated BALB/c mice was not as dramatic as that in the C57BL/6 mice but was greater than that found in control-treated animals ( Table 1 ). These results demonstrate that CpG ODN administration affects parasite differentiation, and the degree to 
a Mice were treated with 50 g CpG ODN or PBS i.p. on the day prior to and at the time of infection with 1 ϫ 10 5 LouTat 1 parasites i.p. Blood smears were made from diluted tail blood samples and stained with hematoxylin and eosin. Parasite morphology was determined according to the characteristics described by Wijers (41) . Three mice of each treatment group for each strain were monitored.
b The day of parasite outgrowth was determined by the first mean parasitemia level greater than 1 ϫ 10 6 parasites/ml (the limit of detection). which this occurs correlates with the degree of parasite reduction during the first wave of parasitemia. CpG ODN treatment increases parasite-specific adaptive immune responses. CpG ODN treatment has been shown to influence the amount and isotype (Th1 associated) of antibody produced during infection with other parasites (27) . For this reason, the antibody response to VSG was measured in BALB/c mice. Plasma samples were collected from mice and analyzed for isotype-specific antibody production by ELISA. CpG ODN treatment increased the production of all antibody isotypes typically induced by trypanosome infection, IgM, IgG1, IgG2a, and IgG3 (Fig. 4A) (36) . IgM levels were increased as early as day 2 postinfection. Further analysis of day 2 antibody levels from serum samples demonstrated that VSG-specific IgM was induced in CpG-treated animals in the presence or absence of an infection (Fig. 4B) . The analysis of antibody responses in CpG ODN-treated mice indicates that the antibody response to trypanosome infection is enhanced, but the isotypes produced were not shifted towards IgG2a, IgG2b, and IgG3 and away from IgG1. CpG ODN treatment also enhanced background levels of naturally occurring VSG-specific IgM in mice that have never been exposed to trypanosomes (33) .
Changes in antibody in CpG ODN-treated mice were accompanied by the induction of VSG-specific Th1-cell responses. Given that trypanosome infection induces a polarized Th1-cell response in resistant mice (35) , T-cell responses were measured in CpG ODN-treated susceptible BALB/c mice to determine if the VSG-specific Th1 response was enhanced by treatment. T-cell cytokine responses were measured from whole-spleen-cell cultures from day 7 postinfection. The cells were incubated in the presence of a mitogen, ConA, as a nonspecific stimulus or the parasite antigen VSG for 24 h. Cytokine production was measured by ELISA. Supernatant fluid obtained from T cells from CpG ODN-treated mice stimulated in vitro with VSG contained more IL-2 and IFN-␥ in response to parasite antigen than did similar preparations of cells of untreated infected animals. IL-4 was detected at levels near the lower limit of detection (Fig. 5A) . Thus, CpG ODN treatment increases T-cell production of type I cytokines in response to parasite antigen.
CpG ODN mediates enhanced survival and affects parasite growth rate and morphology in the absence of the adaptive immune system. In order to assess the specific adaptive versus innate immune responses to changes observed following CpG ODN treatment, SCID mice on the BALB/cByJ and C57BL/6 
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CpG ODN TREATMENT ENHANCES INNATE RESISTANCE 2369 genetic backgrounds were treated with CpG ODN and infected. Resistance was significantly increased in both strains, with mean survival times increasing from 19 Ϯ 1 days to 29 Ϯ 1 days in C57BL/6-scid mice (P ϭ 0.0002) and increasing from 17 Ϯ 1 days to 22 Ϯ 1 days in BALB/cByJ-scid mice (P ϭ 0.007) ( Fig. 1C and D) . Parasitemia was monitored throughout the course of infection. It was noteworthy that CpG ODN-treated SCID mice exhibited a slower outgrowth of parasites than the untreated controls did (Fig. 2C and D) . Typically, parasites in SCID mice are detectable by day 3 postinfection and rapidly increase to peak levels by day 4 to 5 and then the numbers plateau since there is no antibody-mediated clearance from the blood. In CpG ODN-treated mice, the first detectable mean parasitemia level (above the detection limit of 1 ϫ 10 6 parasites/ml) was not observed until day 5 and the subsequent outgrowth was much slower. Mice exhibited a plateau in parasite number on day 12 postinfection for C57BL/6-scid mice and day 8 for BALB/cByJ-scid mice (Fig. 2C and D) . During delayed trypanosome outgrowth, a greater percentage of the trypanosomes exhibited the SS morphology (Table 1 ). These results indicate that an enhanced innate immune response is able to control parasite growth in the absence of parasitespecific B-and T-cell responses and that this is associated with an increase in nondividing parasites.
CpG ODN treatment increases type I cytokine production. Since CpG ODN-mediated protection against other parasitic protozoans is dependent on type I cytokines, the induction of IFN-␥ and that of IL-12p70 were measured (10, 40) . BALB/c, C57BL/6, and C57BL/6-scid mice were treated with CpG ODN only, treated with CpG ODN and infected, infected only, or left untreated. On day 2 postinfection, serum was collected and analyzed for cytokine levels by ELISA. IL-12p70 and IFN-␥ levels were essentially undetectable in infected mice on day 2 postinfection. In contrast, CpG treatment, in the presence and absence of infection, induced readily detectable levels of both cytokines (Fig. 5B) . These results suggest that CpG ODN treatment augments type I cytokine production early during infection.
IFN-␥ production following CpG ODN treatment is an essential component in the observed changes in parasitemia, parasite morphology, and survival time. To further explore the role of IFN-␥ in CpG ODN-induced effects on the course of trypanosome infection, GKO mice with the BALB/c and C57BL/6 genetic backgrounds were CpG ODN treated and infected. In both strains of mice, the levels of parasitemia were much higher than those seen during infections of wild-type mice ( Fig. 6C and D) . The difference in the morphology of parasites in CpG ODN-treated C57BL/6 GKO mice was also not as dramatic as that observed in wild-type C57BL/6 and C57BL/6-scid mice (Table 1) . CpG ODN treatment induced a significant increase in survival time for BALB/c GKO mice (P ϭ 0.006) but not C57BL/6 GKO mice (P ϭ 0.13). The mean survival time for BALB/c GKO mice was only minimally increased from 17.5 Ϯ 0.3 days to 22.4 Ϯ 2.4 days (Fig. 6A and  B) . These results suggest that the downstream effects of IFN-␥ are an essential component of CpG ODN-induced enhance-FIG. 5. CpG ODN treatment increases type I cytokine production. (A) Whole-spleen cultures from uninfected, infected, and infected CpG ODN-treated BALB/c mice were prepared on day 7 postinfection. The cultures were incubated in medium alone, 2.5 g/ml ConA, or 50 g/ml VSG for 24 h. IFN-␥, IL-12p70, and IL-4 cytokine-specific ELISAs were performed on cell-free supernatants. The data are presented as the mean cytokine production over medium-alone levels and representative of three independent experiments. (B) BALB/c, C57BL/6, and C57BL/6-scid mice were treated with 50 g CpG ODN on day Ϫ1 and day 0 (CpG), treated with CpG ODN and infected (inf. CpG), infected only (inf.), or left untreated (uninf.). On day 2, serum was collected and IFN-␥ and IL-12p70 levels were measured. The mean cytokine production levels from three independent experiments are presented.
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ment of relative resistance in susceptible mice, the early reduction of parasitemia, and the induced changes in parasite morphology.
DISCUSSION
The development of an innate immune response leading to the production of type I cytokines has been shown to be important for relative resistance to Trypanosoma brucei rhodesiense infection (7, 13, 29, 35, 36) . In this study we sought to determine whether enhanced stimulation of the innate immune response through TLR9, a receptor known to play a role in resistance to trypanosome infection, would improve the immune response and provide increased resistance to infection. We found that CpG ODN treatment prior to infection nearly doubles the survival time of intermediately susceptible BALB/c mice, with increases from approximately 30 to 60 days. Interestingly, treatment of relatively resistant C57BL/6 mice, which survive on an average of 60 days postinfection, did not display increased resistance as measured by survival time (24) . This suggests that CpG ODN treatment primarily enhances those specific elements of early resistance that distinguish resistant from susceptible mice. These results thus provide a novel experimental approach to identifying these critical elements.
Although changes in resistance to infection were most marked in relatively susceptible mice, CpG ODN treatment did decrease the first wave of parasitemia in both susceptible and resistant mouse strains. In this case, CpG ODN treatment had a stronger effect in C57BL/6 mice, which had a 100-fold decrease in parasitemia in comparison to a 10-fold reduction in BALB/c mice. Thus, the degree to which parasites were controlled by CpG ODN treatment was not a predictor of subsequent increased resistance in wild-type mice.
Since CpG ODN treatment is known to increase antibody production, we predicted that effects on B cells may be partly responsible for the observed enhanced resistance to infection and the reduction in parasitemia. The isotypes of VSG-specific antibodies that are detectable during trypanosome infection (IgM, IgG1, IgG2a, and IgG3) were all increased in CpG-ODN-treated infected mice (13, 35, 36) . Unexpectedly and unlike in other studies of CpG ODN-induced effects on adaptive immunity, no reduction in the amount of VSG-specific IgG1 produced was observed. Since the IgG1 produced during infection is IL-4 dependent and T cell independent, CpG ODN treatment may not affect the T-cell-independent component of the VSG-specific B-cell response (36) . Interestingly, early anti-VSG IgM production was not dependent on trypanosome infection and was produced in response to CpG ODN treatment alone. Previous studies have described the existence of VSGspecific antibodies in the serum of animals that were never exposed to trypanosomes (33) . It appears that CpG ODN treatment may increase the level of such antibodies and may play a role in the early reduction of parasitemia in CpG ODNtreated animals. In addition to enhanced B-cell responses, we also detected elevated type I cytokine levels in serum and from VSG-specific T cells, plus enhanced innate resistance in SCID mice. Treated SCID mice survived significantly longer than untreated controls and were able to control parasites during the early part of infection, providing clear evidence for a central role of the innate immune system in the observed effects. However, CpG ODN treatment of SCID mice with a susceptible genetic background did not enhance survival to the same degree as in wild-type BALB/c mice. Thus, both innate and adaptive immune responses appear to play a significant role in the observed CpG ODNinduced resistance in susceptible mice, with enhanced innate responses likely supporting enhanced adaptive immunity. Finally, CpG ODN treatment induced alterations in the physiology of parasites early during infection. Trypanosomes undergo a complex life cycle with distinct life cycle stages in both the tsetse fly and the bloodstream of an infected host. In the bloodstream, parasites are of two predominant morphologies, the rapidly dividing LS form and the nondividing SS form, which is preadapted for uptake into the tsetse fly (38, 41) . The parasites observed in CpG ODN-treated C57BL/6 mice were predominantly nondividing SS forms. Trypanosomes in CpG ODN-treated BALB/c mice were composed of more SS and I forms than were those in untreated mice, but a predominance of SS forms similar to that in the treated C57BL/6 mice was not observed. The outgrowth of parasites in SCID mice was delayed by several days in both strains and was associated with increases in SS forms. This demonstrates that the CpG ODNinduced changes in parasite morphology occur in the absence of adaptive immunity and that the reduction in dividing LS parasites may explain reductions in the first wave of parasitemia. CpG ODN treatment of mice lacking IFN-␥ demonstrated that the induction of nondividing SS parasites is due in part to the downstream effects induced by IFN-␥. This may also explain why parasitemia levels in untreated GKO mice are higher than those in wild-type mice.
The profound effect of CpG ODN treatment on the morphology of the parasites provides potential insights into hostparasite interactions that may govern the progression of disease. On the one hand, the relative level and strength of the immune response may provide a signal to the parasite that stimulates differentiation into the vector-transmissible form, thus increasing the odds that transmission will occur before parasites are eliminated. An alternative explanation is that the immune system is partially able to eliminate parasites by inducing parasite differentiation and subsequent cell death in the presence of IFN-␥. Earlier studies using P. acnes as an adjuvant showed that macrophages make factors that affect the growth of parasites in vitro (2) . We have shown that adjuvantinduced parasite differentiation is partially dependent on the presence of IFN-␥. Since IFN-␥ does not have any detectable direct effects on parasite growth or morphology, it is likely that IFN-␥ may induce the production of several factors that can affect these elements. Previous in vitro studies led to the identification of a low-molecular-weight molecule, stumpy inducible factor, capable of triggering the transformation of LS to SS forms (39) . However, relatively little is known about the factors that influence the transformation of the parasite in the bloodstream, including whether or not the host immune response can influence differentiation (37) . Our results demonstrate that CpG ODN-enhanced immune responses can induce parasite differentiation. Thus, CpG ODN treatment may provide a way to identify molecules that are capable of inducing parasite differentiation in vitro.
CpG ODN-enhanced immunity to trypanosome infection is multifaceted, with innate and adaptive immune responses playing discrete roles. Current paradigms of host resistance suggest that critical cytokines and other factors are produced during CpG ODN enhancement of resistance to trypanosomes. In addition to molecules that we have emphasized in this study, CpG ODN treatment has been shown to enhance the production of several trypanolytic molecules, including nitric oxide, reactive oxygen species, and tumor necrosis factor alpha (13, 21, 25) . These molecules may be key components of the observed enhanced resistance following CpG ODN treatment. CpG ODN treatment also triggers the production of type I IFNs. Type I IFNs are produced during trypanosome infection, but the importance of type I IFNs in resistance to infection is unknown and remains to be fully tested (5) .
Overall, these studies reveal that an enhanced immune response has several beneficial impacts on immunity to trypanosome infection. Resistance is enhanced in susceptible mice and is associated with enhanced nonspecific and specific immune responses. CpG ODN treatment altered the initial developmental outgrowth of parasites in both wild-type and SCID mice, which demonstrates that enhanced innate immune responses can control parasite levels. Reduced parasite levels were associated with an increase in the number of nondividing SS parasites observed early during infection. Thus, enhanced innate immunity may control parasitemia by affecting the physiology of the parasite as well as altering specific factors associated with resistance.
